Wheat (Triticum aestivum L.) is widely cultivated in the Mediterranean zone where plants generally suffer from water stress during heading and reproductive stages. This research was carried out in a field experiment at Shandaweel Agricultural Research Station during the two successive growing seasons 2015/2016 and 2016/2017 using water treatments (water stress and well watered) and humic acid (soil application) and silicon (foliar application) on some wheat cultivars (Gemmeiza 11, Shandaweel1, and Sids 12). The application rate of humic acid and silicon was 2Kg/feddan and 150 ppm, respectively. The results showed that wheat cultivars had a significant effect on the all studied traits. Normal irrigation gave the highest significant mean values of all studied traits in both seasons. Treatment by silicon or humic acid effected significantly in all the studied traits in both seasons as compared to control treatment. The interaction between irrigation treatments and wheat cultivars were significant or highly significant for most of the studied traits in both seasons. Moreover, under normal irrigation, there are no changes in some chemical and physical properties of soil, however, there are slightly changes in the physical properties of the soil and a significant changes in the chemical properties under water stress condition. Using silicon didn't affect or played any role on soil properties under normal or water stress condition, whereas using humic acid reduced water stress effect on soil properties.
Introduction
Water stress is the main factor affecting around 40 to 60% of the world's agricultural lands (Shahryari and Mollasadeghi, 2011) where is highly pronounced in arid and semiarid region. Water stress significantly effects on plant growth and crop production and soil properties (Lal et al. 2013) . Wheat is the most important cereal crop as staple food grain in Egypt. The statistics indicate that local production of wheat is not enough consumption needs. Water stress represents one of the major limitations to wheat production. Singh et al. (2009) and Mohamed (2013) found that, grain yield and yield components of wheat were decreased with decreasing irrigation water amounts. Moreover, one of the obvious effects of drought on soil is the lack of nutrient uptake by crops, as water is the major medium for moving nutrients into plants as a result of water uptake. The increase in soil temperature associated with lack of soil moisture has an impact on microbial activities and nutrient processing, both of which are important for plant use for biomass and grain production. Microbial activities in soil generally are controlled by soil moisture and temperature. The departure from the optimum ranges of soil moisture (water field capacity) and soil temperature (approximately 76-86o F), which varies for different microbial communities in soil, can alter microbial activity. Changes in soil temperature during water stress conditions can affect soil organic matter (SOM) decomposition and increase the release of carbon dioxide. Also, during this process additional mineral N, mostly in the form of nitrate, will be released in the soil system. This change in soil environment affects the stability of SOM and subsequently, affects the soil biological system. Several strategies have been proposed to overcome the effect of water stress on wheat growth and productivity and soil properties. Application of silicon and humic acid were proposed to their role in improving plant growth and yield, enhance stress tolerance as well as to improve soil properties. Silicon is the second most abundant element existing on earth Silva et al. (2012) . Although it is not considered as an essential element, nevertheless, there is increasing evidence regarding its positive effects on plant growth and development Karmollachaab et al. (2014) . Numerous studies have demonstrated that silicon is one of the important elements of plants, and plays an important role in tolerance of plants to environmental stresses (Savant et al. 1997 and Epstein, 1999) . Silicon is also known to increase drought tolerance in plants by maintaining plant water balance, photosynthetic activity, erectness of leaves and structure of xylem vessels under high transpiration rates (Melo et al., 2003; Hattori et al., 2005 and Gong et al., 2003) reported greater water use efficiency by application of Silicon in wheat. Humic acid plays an important role in enhancing wheat production. It increases root vitality, improved nutrient uptake, improve seed germination, increase fertilizer retention, stimulate beneficial microbial activity and improve yield. On the other hand, Humic substances in soil, increase nutrient absorption by augmenting the availability of nutrients in addition to improvement of the physical structure of the soil (Akinremi et al., 2000; Chen et al., 2001; Cimrin and Yilmaz, 2005 and Asal et al., 2015) reported that application of humic acid enhanced root growth and that was directly correlated with enhanced uptake of macro and micronutrients. Therefore, the objective of this work was to detect the effect of water stress on the production of wheat and assessing the role of silicon and humic acid on alleviating the deleterious effect of water stress and improving soil properties.
Materials and Methods
The present study was carried out at the Experimental Farm of Shandaweel Agricultural Research Station, Agricultural Research Center (ARC), Egypt, during the two successive growing seasons of 2015/2016 and 2016/2017 to study the effect of water stress on yield and its components of wheat and assessing the role of silicon and humic acid on alleviating the deleterious effect of water stress and improving soil physical properties. The experiment was laid out in split split plot design with three replications with a plot size of 3×3.5 m where, two irrigation regimes (N: normal irrigation, where the plots were irrigated 5 times throughout the growing season and D: water stress, withholding irrigation after the second irrigation) were allocated in the main plots, four silicon and humic treatments (Control: without application, silicon, humic acid and silicon + humic) were assigned to the sub plots and applied at tillering and booting stage and three wheat cultivars (Shandaweel 1, Sids 12 and Gemmeiza 11) were allocated in the sub sub plots. Planting was done at 25 th November in both seasons. All the required agronomic practices were followed uniformly in all plots throughout the growing period. During the tow seasons of study the following data were recorded: days to maturity (DM), plant height (PH, cm.), number of spikes/m 2 (NS/m 2 ), number of kernels/spike (NK/S), 1000-kenel weight (1000-KW, g.), biological yield (BY, ton/fed) and grain yield (GY, ard/fed).
Soil Analysis:
Soil samples were taken after soil preparation and before fertilization from the experimental site (0-30 cm depth) for physical and chemical properties. To determine the effect of water stress on soil physical and chemical properties under different experimental conditions, soil samples representing all the treatments were taken after harvest time and soil sample analysis were carried out as described later. The samples were airdried and passed through 2 mm sieve pores. Particle size was determined by the pipette method (Gee and Orr, 1994) while the organic carbon (OC%) was analyzed by Walkey and Black procedure (Nelson and Somners, 1982) . The pH was determined in soil/water suspension (1:2.5) according to Jackson (1973) . The EC, major cations and anions were measured in the soil peast while CaCO 3 was determined using the calcimeter method according to Black (1965) . Saturation percentage (SP), field capacity (FC), wilting point (WP) and available water (AW) were determined as described by Hesse (1971) .
Statistical analysis:
All data were analyzed using MSTAT-C computer software package for the differences among treatment means were compared using the least significant differences test (LSD 0.05) according to Gomez and Gomez (1984) .
Results and Discussions 1. Effect of irrigation regimes:
Results in Table 2 show that the investigated irrigation treatment had significant or highly significant effects on all studied traits in both seasons. The normal irrigation gave the highest significant mean values in all studied traits in both seasons. Water stress reduced days to maturity by (4.67 and 5.27%), plant height by (6.07 and 6.75%), number of spikes/m 2 by (10.87 and 9.76%), number of kernels/spike by (11.15 and 14.72%), 1000-kernel weight by (13.34 and 18.27%), biological yield by (28.47 and 27.14%) and grain yield by (32.23 and 33.03%) in the first and second seasons, respectively. Drought-related reduction in yield and yield components of wheat could be to decrease cell growth, leaf area and partial stomata closure due to low soil water content, which decreased the intake of CO 2 with consequent decrease of photosynthesis per unit area (Acevedo, 1991) . Yield reduction is at a maximum when the water stress develops from 10 days before spike emergence. Water stress during this stage also decreases spikelets per spike of fertile tillers (Moustafa et al. 1996) . Water stress during grain filling does not affect the number of fertile tillers nor the number of kernels/spike; grain weight is, however, reduced due to a shortening of the grain filling period resulting from accelerated senescence (Kobata et al. 1992) . Also, (Saini and Westgate 2000) indicated that water deficit initially affected kernel development, which resulting in a decrease in sink potential of kernel and inhibited the enzyme activity directly, thereby causing premature desiccation. Our results are in line with those found by Kang et al. (2002) , Abd El-Kreem and El-Hussin (2013) and Said and Abd El-Meneem (2016) .
Effect of silicon and humic acid treatments:
Data presented in Table 2 (16.24 and 18 .25 ard/fed) and (6.73 and 7.20 ton/fed) for the above mentioned traits in the first and second seasons, respectively were recorded with the control treatment. Also, the treatment of silicon or humic acid alone had significantly increased for all studied traits as compared to control treatment. However, there were non-significant differences between these treatments for all studied traits in both seasons except, 1000-kernel weight in the second season. These results indicate the role of silicon and humic acid in alleviating the adverse effects of water stress and results in a significant increment of growth, yield and its components. The foliar application of silicon resulted in beneficial effects on chlorophyll fluorescence and photosynthetic pigments, thereby suggesting an enhanced drought tolerance in wheat plants Maghsoudi et al. (2015) . Silicon application in wheat depicted marked enhancement in root and shoot weights and decreased transpiration rate of leaves in comparison to plants grown without silicon. It also maintained higher water status, leaf water potential, relative water contents and elevated chlorophyll contents Ali et al. (2013) . Silicon application significantly increased plant biomass, plant height and spike weight at all levels of water contents. Poor growth of wheat plants in water deficient conditions was significantly improved with the silicon application ISSN: 1110-0486 Website: www.aun.edu.eg/faculty_agriculture/journals_issues_form.php E-mail: ajas@aun.edu.eg Ahmed et al. (2007) . The highest values of the number of grains/spike, grain weight/spike and 1000-grain weight and grain yield were obtained by foliar spraying with 2 litres of humic acid/feddan Thalooth et al. (2016) and Khan et al. (2010) reported that humic acid applied alone at 3 kg/ha the most economical rate to obtain the maximum yield of wheat under rainfed conditions and improve soil fertility. Potassium humate is an effective fertilizer that positively affects growth, yield and chemical constituents of the wheat plant Kandil et al. (2016) . Potassium humate increases the rate of nutrient uptake, enhances plant biomass and reduces the soil compaction Canellas et al. (2015) .
Effect of wheat cultivars:
Results in Table 2 show that the three bread wheat cultivars deferred significantly in all studied traits in the two growing seasons. Shandaweel1 cultivar had the longest maturity duration (143.7 and 147.0 day), while Sids 12 gave the shortest maturity duration (138.08 and 142.54 day) in the first and second seasons, respectively. Data in Table 2 (Table 2) show that Gemmeiza 11 gave the highest mean value of biological yield (7.40 ton/fed in the first season), while Shandaweel 1 gave the highest mean value (7.85 ton/fed in the second season). On the other hand, Sids 12 gave the lowest mean values of biological yield in both seasons. The obtained data of grain yield (ard/fed) in Table 2 indicat that Sids 12 gave the highest mean values of grain yield (18.21 and 20.20 ard/fed) followed by Shandaweel 1 (17.47 and 19.44 ard/fed) followed by Gemmeiza 11 (16.72 and 18.13 ard/fed) in the two respective seasons, respectively. The differences between wheat cultivars could be due to their genetic constitutions and their interaction with the environmental factors prevailing during development. Mekkei and El Haggan (2014) concluded that Sids 12 cultivar was more tolerant for water stress compared with other studied cultivars in both seasons. These results are in harmony with those obtained by Abd El-Kreem and El-Hussin (2013), Abdrabo et al. (2016) and Said and Abd El-Meneem (2016) .
Effect of interaction between irrigation treatments and silicon and or humic acid treatments:
The interaction between irrigation treatments and silicon and humic acid treatments was significant for number of spikes/m 2 and 1000-kernel weight in both seasons and biological yield in the second season (Table 3) . Meanwhile, it was insignificant for the other traits under study. The highest mean values of number of spikes/m 2 (387.33 and 387.56) and 1000-kernel weight (51.53 and 57.00 g) were obtained under normal irrigation and silicon+humic acid treatment, whereas the lowest values of number of spikes/m 2 (330.11 and 338.56) and 1000-kernel weight (40.39 and 42.94 g) were obtained under water stress and control treatment in the first and second seasons, respectively. Biological yield recorded the highest value (9.42 ton/fed) under normal irrigation and silicon+humic acid treatment, while the lowest value (6.18 ton/fed) was recorded under water stress and control treatment during the second season.
Effect of interaction between irrigation regimes and wheat cultivars:
The illustrated data in Table 4 reveal that the interaction between irrigation treatments and wheat cultivars were significant or highly significant for all studied traits in the two growing seasons except days to maturity in the both seasons, number of spikes/m 2 in the second season, 1000-kernel weight and biological yield in the first season. The interaction between silicon and/or humic acid treatments and wheat cultivars (Table 4) was significant for number of spikes/m 2 , 1000-kernel weight and grain yield in the first season and number of kernels/spike in the second season. The highest mean value of spikes number/m 2 (371.50) was obtained from Gemmeiza 11 under silicon+humic acid treatment, while the lowest mean value was recorded from Gemmeiza 11 under control treatment in the first season. Gemmeiza 11 gave the highest mean value of kernels number/spike (53.65) without significant with Shandaweel 1 and Sids 12 under silicon+humic acid treatment, while it gave the lowest mean value of kernels number/spike (46.91) under control treatment in the second growing season. On the other hand, the highest mean value of 1000-kernel weight (51.32 g) was recorded from Sids 12 under silicon+humic acid treatment, while the lowest mean value (42.10 g) was obtained from Shandaweel 1 with control treatment in the first season. Moreover, Sids 12 gave the highest mean value of grain yield (19.57 ard/fed) under silicon+humic acid treatment, while Gemmeiza 11 gave the lowest mean value of grain yield (15.25 ard/fed) under control treatment in the first season.
Effect of second order interaction:
The interaction between silicon and/or humic acid treatments and wheat cultivars was significant for number of kernels/spike in the two growing seasons, biological yield in the first season and 1000-kernel weight in the second season (Table 5 and 6). Results indicated that Shandweel 1 under normal irrigation and silicon+humic acid treatment gave the highest mean values of kernels number/spike (53.53 and 58.00), while it gave the lowest mean values (41.20 and 42.87) under water stress and control treatment in the first and second seasons, respectively. Moreover, Sids 12 had the highest mean value (60.0 g) of 1000-kernel weight under normal irrigation and silicon+humic acid treatment, while Shandaweel 1 had the lowest mean value (39.36 g) under water stress and control treatment in the second season. On the other hand, Gemmeiza 11 cultivar gave the highest mean value of biological yield (9.21 ton/fed) under normal irrigation and silicon+humic acid treatment, while it gave the lowest mean value (5.32 ton/fed) under water stress and control treatment in the first season.
Soil chemical and physical properties
In order to investigate the effect of water stress and "humic acid and silicon" applications on soil properties, some soil properties were determined. The soil texture was silt loam of the soil under investigation wherein the ratio of clay was (20.96%); silt (56%); sand (23.04%). Soil texture didn't change during the experiment under normal and water stress condition while many of soil properties had been significant and insignificant affected under water stress condition.
Effect of irrigation treatment on soil properties:
The obtained data, which represented in tables 7 and 8 show no change occurred on soil chemical and physical properties approximately under normal irrigation. However, water stress caused a slight change in physical properties occurred. Water stress caused insignificant slightly decrease in field capacity (FC), wilting point (WP), available water (AW), saturation percentage (SP), and porosity due to significant change in organic carbon (OC) content during two seasons than normal irrigation Geng et al. (2014) . Furthermore, Calcium carbonate value was 3.7% and 3.8% in the soil before planting through first and second seasons respectively. Water stress caused increasing in CaCO 3 percent to 3.8 and to 3.9% through first and second seasons respectively.
The effect of irrigation treatment on chemical properties of soil was illustrated in Table 8 . The results show that water stress caused an increase in EC, major cations and major anions values with significant effect, and with insignificant effect on pH values according to f test value, while normal irrigation has insignificant effect on soil chemical properties. The EC was increased due to the reduction soil moisture. Over and above the effect of water stress on soil properties was in good agreement with the three bread wheat cultivars yield results where waters tress caused reduced in the three wheat cultivars yield as described before and soil deterioration in soil properties.
Effect of silicon and humic acid treatments on soil properties:
The obtained data which represented in tables 7 and 8 show the silicon foliar application hadn't affected on chemical and physical properties under normal and water stress conditions. This refers to only less than 20% of silicon concentration reach to the soil. On the other hand, the application of humate significantly affected soil chemical and some physical properties. The results explained that humate application significantly affect and increase (OC), and (SP) while caused insignificant increasing in (FC), (WP) and Porosity percentage values (Ibrahim and Goh 2004) . Humic acid can play a very important role in soil conditioning due to increase the water holding capacity of the soil and forming of organomineral complexes by functional groups of the humic acids (Glaser et al. 2002) . Moreover, humic acid has the very unique ability to increase water retention in soils where, the negative charge of humic acids attracts positive ions, or cations, which stick to the humic molecule. These cations, in the presence of water molecules, move slightly away from the humic molecule and attach loosely to the oxygen end of water molecules. The hydrogen ends of those water molecules then attach to the hydrogen ends of other water molecules. This effect reduces water evaporation by up to 30% (Cihlář et al. 2014) . Furthermore, humic acid is able to bond to all soil particles, which creates necessary space for microbes and healthy root growth. This is especially noticeable in high-clay and compacted soils, where soil particles (Kumar et al. 2013) . However, adding humic acid in humate salt form caused increasing on pH value, whereas at the end of two season pH values return to normal level according soil buffer effect. Thus, humic acid application reduced soil deterioration which caused by long term effect of water stress.
However, humic acid played very important role in enhancing and resisting water stress effect on soil properties while the treatment factor by using "humic acid + silicon" application has more pronouncing effect on three wheat cultivars to challenging water stress effect.
Conclusion
In this study, the influence of water stress on three wheat cultivars and some soil properties was evaluated. The results explained that water stress had a significant or highly significant effect on the three wheat cultivars in studying traits in both seasons where water stress reduced all plant growth properties. Moreover, water stress had significant on chemical properties of soil while had an insignificant effect on physical properties except OC content was significantly affected by water stress.
Silicon and humic acid application had been applied as foliar and soil addition respectively to resisting the water stress effect. The results explain that treatment of silicon or humic acid effected significantly in all the studied traits in both seasons as compared to control treatment under water stress conditions. Whereas, humic acid played a very important role and had a significant effect of resisting the effect of water stress on soil chemical and physical properties while silicon hadn't affected or played any role on soil properties. Where * and ** mean significant at 0.05 and 0.01 levels of probability, respectively. Where Ns, * and ** means non-significant, significant at 0.05 and 0.01 levels of probability, respectively. Factor A: Irrigation regime; Factor B: Treatment "humic acid, silicon and silicon + humic acid" N= normal irrigation D= water stress Where Ns, and * means non-significant, and significant at 0.05 levels of probability, respectively. Factor A: Irrigation regime; Factor B: Treatment "humic acid, silicon and silicon + humic acid" N= normal irrigation D= water stress Where Ns, and * means non-significant, and significant at 0.05 levels of probability, respectively
